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-*_ S U B S W A C E  MAGNETIC SUSCEPTIBILITY COILS 

followlJ: 

1, 

I n  t r oduc ti on 

The r e s u l t s  of the f e a s i b i l i t y  study concerning the 

measurement of magnetic suscept ib i l i ty  on t h e  surface of the 

moon, as presented i n  P a r t i a l  Report No. 7, were, br ie f ly ,  as 

Variat ion of the  mutual and self inductance of a 

th ree  c o i l  induct ive balance system, cons is t ing  of 

a s p l i t  receiver  co i l ,  placed in a borehole d r i l l e d  

i n t o  the  lunar surface could be employed to 

measure the  magnetic suscep t ib i l i t y  of the  material 

adjacent t o  the borehole. 

.8 

3, 

Object 

The response of t h i s  system to var ia t ions  i n  bore- 

hole diameter are predictable ,  and su i t ab le  

cor rec t ions  can be made if borehole diameter is 

known. 
6 

The range of measurement with t he  coil i s  1 x 10’ 

to 100,000 x cgs units. 

To obtain performance data as described i n  Outline of 

Breadboard T e s t  Experiments, 

Descr ipt ion of Apparatus 

The subsurface coils were  b u i l t  as shown i n  Fig. 1. 

In  this figure it is seen t h a t  t h e r e  are two rece iver  c o i l s  and 
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transmitter coil located on 1-1/4 in. centers. The two out- 

side receiver coil spools house 300 turns of No. 32 copper wire. 

The center transmitter coil spool houses 600 turns of No. 32 

copper wire. 

connecting the three coil forms so connections can be made 

externally. 

coil spool to facilitate passage of non-magnetic wires to o&r 

instruments located below the coils in the subsurface instrument, 

'%e receiver coils are connected in series so that their 

magnetic fields are aiding. 

A groove has been cut i n  the epoxy housing 

A 114 in. hole was drilled along the axis of the 

Fig.  2 shows a set of coils *ich are located on .the 

surface in a field.of environment that will remain magnetically 

constant, This set of coils is made up of one transmitter coil 

containing 600 turns of No. 32 copper wire and one receiver coil 

made up of SO0 turns of No. 32 copper wire, 

mounted on an epoxy rod which is threaded, nuts are screwed on 

the holding rod with the coils placed between them, 

of mounting is used because an adjustment must be made mutually 

betweeq the transmitter and receiver coils for optimum performance, 

The coils are 

This method 

- The three c o i l s  located on the subsurface sonde 1nU8t be 

wound-with wire, connected electrically, and vacuum impregnated 

before installation into the sonde. Fabrication of the subsur- 

face sonde requires that all the measuring instruments be built 

and ready to install at the same time. 

because electrical wires running to instruments below the coils 

This has t o  be done 
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must run through the center  of the c o i l s  t o  ge t  to the surface. 

The.se wires must be made of non-wgnetic mater ia l s  and be held 

r i g i d l y  i n  posit ion.  

of the subsurface c o i l s  on the sonde and t h e  n u l l  coils on the 

sur f  ace. 

Fig. 2 is a drawing showing the posi t ion8 

With the bridge connected t o  the  coils a8 shown in Fig. 

3 ,  t he  cor rec t  pos i t ion  of the  c o i l s  on t h e  sur face  set is 

determined by f i r s t  p lac ing  t h e  sonde and the  surface set in air, 

and secondly by s e t t i n g  the bridge r e s i s t o r s  a t  approximately 

t h e  value desired,  

reference to t.he t ransmi t te r  c o i l  is var ied  u n t i l  a n u l l  is 

obtained, 

required t o  match the phase re la t ionship  of the s igna l  from the 

c o i l s  to t h a t  of t he  bridge. 

The pos i t ion  of the  receiver coil with 

For a complete n u l l  a change i n  t h e  bridge s e t t i n g  i s  

To make measurements, t h e  bridge is nulled with both 

sets of c o i l s  i n  a i r  and t h e  reading is recorded. 

then nul led  again and readir.2; recorded after t h e  subsurface sonde 

has been placed i n  a borehole which has been d r i l l e d  i n t o  t h e  

material i n  question. 

func t ion  of t he  magnetic s u s c e p t i b i l i t y  of t h e  unknown material. 

Results 

The bridge is 

The difference i n  the  readings is a 

Fig. 4 i s  a p l o t  of change in bridge reading i n  going 

from air to the standard vs. t he  magnetic s u s c e p t i b i l i t y  of the 

standard f o r  boreholes of 1-1/4 in. diameter and 1-3/4 In. 

1t794.41-3 
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diameter. 

determined previously by a method out l ined  i n  P a r t i a l  Report 

No. 11. 

inse r t ing  32 mm diameter and 45 mm diameter standard w a l l  Pyrex 

g l a s s  tubing i n t o  the  3 f t .  x 3 ft, x 18 i n ,  standards, 

Fig.  4 it can be seen t h a t  the change i n  bridge reading i n  going 

from a 1-1/4 in,  to a 1-314 i n .  borehole of t h e  same standard 

causes a decrease i n  AR3 of 50% i n  the  low magnetic suscep t ib i l i t y  

standards and approximately 37% -Ln t he  high magnetic suscept i -  

bility standards,  

s ec t iona l  area of t he  1-3/4 in. borehole, therefore ,  i t  is 

reasonable t o  assume t h a t  the response should decrease 50%. 

error due t o  hole  size var ia t ions  e x i s t  i n  the  high magnetic 

s u s c e p t i b i l i t y  standards because of t he  demagnitization e f f e c t .  

The magnetic suscep t ib i l i t y  of the standard was 

The 1-1/4 in. and 1-3/4 i n ,  boreholes were made by 

In 

The 1-1/4 in, borehole has 1/2 the cross 

Less 

The subsurface c o i l  can be no c l o s e r  than 6 i n .  t o  

l a r g e  metal p l a t e s  or manipulating hardware i f  an  accurate  read- 

ing  is to be made. However, i f  the metal is of t h e  non-magnetic 

type and i s  a t  l e a s t  1 i n .  from the  coils along the  body of the 

sonde an accurate  ca l ib ra t ion  in air  could be made, 

d i s tance  should be maintained above t h e  opening to t he  borehole. 

This same 

Discuss ion-  

The experimental r e s u l t s  obtained by t he  Laboratory as 

described i n  Outline of Breadboard T e s t  Experiments i nd ica t e  

that it is poss ib le  to describe a c a l i b r a t i o n  curve f o r  the 
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subsurface instrument over the desired range of .1 x loo6 to 
100,000 x loo6 cga un i t s ,  A maximum e r r o r  of SOX e x i s t  i n  going 

from a 1-1/4 i n ,  borehole t o  a 1-3/4 in.  borehole. This e r r o r  

can be minimized t o  within a f e w  percent i f  the  diameter of the 

borehole adjacent t o  t he  c o i l s  i s  accurately known. A non- 

magnetic enviroment must surround the magnetic s u s c e p t i b i l i t y  

por t ion  of the  subsurface sonde t o  get a reference reading i n  air. 

The reference coils nu:: be located i n  an environment tha t  doce 

not change durfng the time between the reference reading and the 

reading made in unknawn material .  The elapsed t h e  between - -_ 

reference reading and reading made i n  unknown mater ia l  should be a - 

minimum. No data w e m  taken t o  determine t h e  f e a s i b i l i t y  of making 

corrpc t ionr  for temperature changes occurring between reference 

and readings i n  unknown material ,  however, very l i t t l e  change 

should occur with proper mater ia ls  of construction. 

Conclusions 

1. The operating range of t h e  device is from (1 to 

100,000) x I O o 6  cgs u n i t s  of magnetic suscep t ib i l i t y .  

2. 

v a r i a t i o w .  

A correc t ion  can be made for  borehole diameter 

3. With approximately 6 in.  of distance between the 

spacecraf t  manipulating hardware and the lunar surface e 

re ference  reading can be made. 
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